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Abstract 
The present study is based mainly upon the authors' hydrochemical nd hydrobiological 
studies of small silicate streams in South-West Germany, principally in the Black Forest and 
the Odenwald. 
The aim of the paper is the adaptation ofa practically proven four-level biological classifica- 
tion system of different degrees of acidity using benthic maroinvertebrates to a five-level 
system of acidification of mainly upland streams with low buffer capacity. The main reason 
for such a five-class ystem is the Water Framework Directive of the European Union (EU 
WFD), which lays down a five-level classification system for the assessment of the ecologi- 
cal quality of waters. 
The biological method of assessing the state of acidity for evaluation of the degree of anthro- 
pogenic acidification under the directive, and principles of the EU WFD, are also described. 
A list of 278 taxa of the macrozoobenthos a  been reclassified from a four-level system to a 
five-level biological indication system, based upon the authors' scientific expertise and the 
latest references from literature of different acid sensitive areas in Germany. 
Key words: Acidity types - pH value - aluminium - buffer capacity - biological indication - 
macrobenthic invertebrates - tream types 
1. Introduction 
Based upon the differences in the sensitivity of benthic 
invertebrates to low pH, buffer capacity and high alu- 
minium content of the water, a model method for 
bioindication and assessment of the acidity of low-elec- 
trolyte mountain streams (German stream types 5 and 
5.1) according to POTTGIESSER & SOMMERHAUSER (2004) 
in which macrobenthic invertebrates serve as indicators 
will be described in this conceptual study. 
This important group of organisms in the aquatic 
community is of particular significance as a biological 
indicator of the ecological effects of acidifying atmo- 
spheric pollutants. 
Macroinvertebrates can be found in any stream. 
They colonize the most diverse stream types in a char- 
acteristic ommunity and in a wealth of different life 
forms, and can be found there on all available sub- 
strates. Compared to the microorganisms, also a very 
variable group, they can be detected easily by the naked 
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eye and also identified comparatively easily, and their 
lifespan ranges from several months to a number of 
years. 
These are all very good reasons why this group of or- 
ganisms has been used for almost half a century (KOLK- 
WITZ & MA~SSON 1908, 1909) for the assessment of
water quality. Macrobenthic nvertebrates are now used 
successfully in almost all parts of the world as bioindi- 
eators for the level of water pollution caused by pu- 
trescible oxygen-depleting or anic omponents ofefflu- 
ent. They are employed in the saprobic classification 
and numerous derived processes. 
The response of macroinvertebrates to the acidity of 
the water is frequently precisely the reverse of their indi- 
cator properties for effluent pollution. A range of oxy- 
gen-dependent cold-water organisms in the upper each- 
es of the streams which react very sensitively to pollu- 
tion by effluent are astonishingly tolerant of low pH val- 
ues. This situation demands development of a new form 
of indication system completely unrelated to the sapro- 
bic classification. A requirement for such an indication 
system is that the organisms' response to the acidity is 
known. Their sensitivity to low pH values has been de- 
termined empirically in the surveys described below in a 
number of low-electrolyte mountain streams in Baden- 
Wtirttemberg (primarily the Black Forest and Oden- 
wald). 
One of the first literature surveys of bioindication of 
acidification i  Germany (BOHMER & RAHMANN 1992) 
showed a number of biological classification systems 
employing taxonomic groups such as diatoms, macro- 
phytes, macroinvertebrates, fish, amphibians and birds, 
ranging from four to five-class ystems. 
Since that ime, a wider variety of different bioindica- 
tion systems have been developed, predominantly em- 
ploying macroinvertebrates and diatoms. The present 
paper deals exclusively with macroinvertebrates. For
general purposes of surveying the reactions of running 
waters and their zoocoenoses to acid precipitation, in
Germany a four-class ystem has been developed and 
used in many studies based on BRAUKMANN (1992, 1994, 
1995) and on BStMLU (1996). 
In 2000, the Water Framework Directive of the Euro- 
pean Union (EU WFD) was adopted as the central in- 
strument in European water policy. The EU WFD lays 
down a five-level classification system for the assess- 
ment of the ecological quality of waters. 
The main aim of the present study is fulfilment of 
the formal requirement for a five-level biological 
classification system as set out in the EU WFD. For 
this purpose, the proposed transformation f a four- 
level system (BRAUKMANN 2000, 2001) into a five- 
level reference based system was necessary for com- 
pliance with the general EU WFD system require- 
ment. 
2. Previous studies 
The four-class method mentioned above has been ap- 
plied successfully inpractice for the first time in an offi- 
cial assessment of acidity in running waters using benth- 
ic invertebrates bythe Federal Ministry of Environment 
Baden Wtirttemberg, published in UM BW (1992). This 
four-class ystem seemed to be sufficient to get a first 
overview of the most important degrees of acidity indi- 
cated biologically in poorly buffered mountain streams 
in silicate areas of Southern Germany. 
Already in 1992, BOHMER & RAHMANN proposed a
five class system, while later on BALTES (1998) tried to 
work out a more differentiated system (Table 2). She de- 
veloped a seven-class chemical and a six-class biologi- 
cal system not only using pH-ranges and buffer capaci- 
ties but also the amount of aluminium as an important 
chemical factor regulating benthic macroinvertebrate 
communities in mountain streams with different degrees 
of acidification i the most western part of Germany in 
Saarland. 
The variety of different classification systems devel- 
oped in Germany since the beginning of 1990 ranging 
from four over five to six biological and seven chemical- 
ly defined classes of acidity or acidification on one hand 
and on the other hand the requirement for an integrated 
five-class biological system formulated in the EU WFD 
led to the main aim of this study, to harmonize those dif- 
ferent classification systems and to transform them into 
a formal five class system which meets the requirements 
of the EU WFD and fits the diversity of different states 
of acidification i calcium poor streams in Germany as 
well. 
This transformation is based on a variety of existing 
classification systems and proposals using benthic in- 
vertebrates ranging from four to seven classes of primar- 
ily biologically indicated egrees of acidity in running 
waters (e.g. RADDUM et al. 1988; BAUER et al. 1988; 
BOUMEa & RAHMAt~ 1992; BRAUKMANN 1992, 2000, 
2001; At~NSCHmmT 1993, 2001; BStMLU 1996; BALTES 
1998). An important s ep has been made in developing a 
system of five classes of acidification instead of just 
classifying different degrees of acidity which will be 
shown later in chapter 5. 
3. An improved system to detect acidity 
in German streams 
3.1. Transformation of a four-level system 
into a five-level system 
The original system of assessment employing four class- 
es was developed by BRAUKMANN (1992, 2000, 2001), 
and is shown in Table 1. 
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Based upon a literature study, B(3HMER & RAHMANN 
(1992) proposed a system consisting of five classes 
(Table 2). Another classification was selected by BALTES 
(1998). Her study of rhithral-biocoenoses in the area of 
the northern Saarland escribed a chemical seven-class 
system of acidity for small streams, as shown in Table 2. 
Corresponding toher hydrochemical classification of
acidity, BALTES (1998) assigned the macrozoobenthic 
taxa to six classes. She found no biological indicators for 
Class 0 of her chemical system. The most sensitive taxa 
were therefore assigned to Class 1 (Table 2). 
These various results and assessment methods had to 
be combined for creation of a new five-class ystem. 
As shown in Table 3, a new class 5 is consistent with 
an additional c ass in the BRAUKMANN system entioned 
in Table 1. The remaining classes have been slightly 
modified within their range of pH and acid capacity. 
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2.2. Hydrogeochemical characterisation 
of the five new stream acidity classes 
The ranges of the five acidity classes were characterised 
according to own expertise (BRAUKMANN 1992, 2000, 
2001 and unpublished data) and BOHMEk & RAHMANN 
(1992), as follows (compare summary in Table 3): 
• Type 1. Continuously neutral (not acidic): 
The pH lies for the most part at or above 7.0 and the min- 
imum pH values do not fall below 6.0 (identical to 
BnAUr, MANN 1994, 1995; BOHMER & RAHMANN 1992). 
The median acid capacity lies between 0.5 and 
0.3 retool/1. The streams are adequately buffered against 
atmogenic acid input and exhibit no biological species 
impoverishment. They are rich in benthic macroinverte- 
brate species (BRAUKMANN 2000, 2001). 
Table 1. Categorization of the four-class system by hydrogeochemical nd biological factors (according to BRAUKMANN 1992, 2000, 2001). 
Class Acid status Hydrogeochemical factors Biological factors 
pH Acid capacity 
1 Continuously neutral 6.5- > 7.0, not < 6.0 > 0.2 mmol/I 
(not acidic) 
2 Predominantly neutral to Around 6.5-7.0, 0.2-0.1 mmol/I 
episodically weakly acidic rarely < 5.0 
3 Periodically critically acidic <6.5-5.0, rarely below 0.1 mmol/I 
4 Continuously very acidic Around 5.5, < 5.0-4.3, <0.1 mmol/I 
sometimes below 
Acid-sensitive organisms 
Moderately acid-sensitive organisms 
Acid-tolerant organisms 
Acid-resistant organisms 
Table 2. Classification of acidity according to BOHMER & RAHMANN (1992) and BALTES (1998). 
Class Classification according to BOHMER & RAHMANN (1992) 
Definition Average pH regime 
pH 
Classification according to BALTES (1998) 
Definition pH regime 
(average/ 
minimum) 
Aluminium (pg/I) 
(average/ 
minimum) 
0 Not acidic >6.5 
1 Weakly acidic 6.5-6.0 
2 Critically acidic 5.9-5.1 
3 Very strongly 5.0-4.6 
acidic 
4 Excessively acidic <4.6 
5 
6 
Around 7.0, rarely <6.5; Not acidic >7 / ->6.5 
never < 6.0 
Predominantly >6.0, Not acidic, but reacting 
minima to 5.5 susceptible to acid input ->6.5 / ->6.0 
Predominantly > 5.5, Weakly acidic ~ 5.8 / > 5.2 
minima to 4.5 
Predominantly 5.5-4.5, Critically acidic ~ 5.6 / >4.6 
minima <4.5 
Predominantly < 4.5 Acidic _>4.8 / ->4.3 
Strongly acidic ~4.3 / >4.0 
Extremely acidic ->3.5 / ~3.0 
- / -  
<50/~ 130 
< 100 / < 280 
< 260 / < 700 
_< 400 / < 1050 
<630/<1500 
>630 / > 1500 
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Table 3. Categorization of the new five-class system by hydrogeochemical nd biological factors adapted to the EU WFD. 
Class Acidstatus Hydrogeochemical factors Biological factors 
pH Acid capacity 
Colour 
1 Continuously neutral (not acidic) 6.5- > 7.0, not <6.0 0.5-0.3 mmol/I 
2 Predominantly neutral to Around 6.5-7.0, 0.3-0.2 mmol/I 
episodically weakly acidic rarely < 5.5 
3 Periodically critically acidic 6.5-5.5, 0.2-0.1 mmol/I 
sometimes below 
4 Periodically strongly acidic Around 5.5, < 5.0-4.3 Around 0.1 mmol/I 
5 Continuously extremely acidic < 5.5 to 4.3, < 0.1 mmol/I 
often below 
Acid-sensitive organisms Blue 
Moderately acid-sensitive Green 
organisms 
Acid-tolerant organisms Yellow 
Acid-resistant organisms Orange 
Very acid-resistant organisms Red 
Typical streams: Well-buffered streams in the gneiss 
and upper Triassic sandstone. 
• Type 2. Predominantly neutral to episodically 
weakly acidic: 
pH values similar to those of Type 1, usually between 
6.5 and 6.0; occasional dips in pH are possible which, 
however, extremely seldom fall below 5.5 (identical to 
BRAUKMANN 1994, 1995; BOHMER & RAHMANN 1992). 
The acid capacity of these streams resembles that of 
Type 1: on average, it lies between 0.3 and 0.2 mmol/1; 
values do not drop substantially below the critical value 
of 0.1. The streams are still adequately buffered; occa- 
sional weak acid influxes are generally buffered suffi- 
ciently for biological damage to be virtually excluded. 
The biocoenosis recovers rapidly from the isolated 
episodical acid influxes. Conspicuous impoverishment 
of the community does not occur (BRAUKMANN 2000, 
2001). 
Typical streams: Moderately buffered, low-elec- 
trolyte gneiss and granite streams, Triassic sandstone 
streams (frequently sulphate-rich). 
• Type 3. Periodically (critically) acidic: 
The pH generally lies below 6.5. The minimum pH val- 
ues frequently fall below 5.5 owing to acid influx during 
the spring thaw or following heavy rain. Where the 
(base) flow is low, the values may remain in the neutral 
region for longer periods, for example during the sum- 
mer and autumn low-water periods. 
The mean acid capacity lies between 0.1 and 
0.2 mmol/1; the value may fall periodically below the 
critical value of 0.1 mmol/1. Regular acid influxes give 
rise to longer-lasting ecological damage to the communi- 
ties in the form of substantial species deficits which are 
not reversed for months, and then perhaps only in part. 
Typical streams: Low-electrolyte, weakly buffered 
granite and Triassic streams. 
The classification of this type generally follows BOH- 
MER & RAHMANN (1992) and BRAUKMANN (1994, 2000, 
2001), but the range of acid capacity of type 3 was slightly 
lifted from 0.1 to 0.1-0.2 because during episodic phases 
of regeneration from low pH stress phases in the course of 
basic runoff situations (mainly in summer months) due to 
a certain rest of acid capacity, several more sensitive ben- 
thic invertebrates (mainly Baetis larvae) may appear for 
weeks or even months in streams of this type. 
• Type 4. Periodically strongly acidic: 
The pH generally lies in the acidic range, at around 5.5, 
throughout the year. The pH minimum frequently falls 
below 5 and rarely to as low as 4.3 during the spring 
thaw or following heavy rain. 
The median acid capacity generally lies clearly 
below 0.2 mmol/1 usually around the critical value of 
0.1 mmol/1, often falling below it as a result of longer 
periods of acid influxes. These streams exhibit pro- 
nounced ecological damage to the aquatic ommunities, 
witnessed by the absence of acid-sensitive taxa general- 
ly throughout the year. 
Typical streams: Low-electrolyte, very weakly 
buffered granite and Triassic sandstone streams. 
This new included type may be regarded as a transi- 
tion type between type 3 to 5. It is more similar to type 5 
than to type 3 because it is characterized by the long last- 
ing periods of low pH and just very short phases of 
chemical and biological regeneration due to its very low 
buffering capacity. 
• Type 5. Continuously extremely acidic: 
The pH generally lies in the strongly acidic range below 
5.5 throughout the year. The minimum pH regularly 
drops substantially below 5 and sometimes below 4.3 
during the spring thaw or following heavy rain. 
The median acid capacity lies below the critical 
value of 0.1 mmol/1 and regularly drops periodically 
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clearly below this value, even falling towards zero. The 
pH often lies below the reference value of the acid ca- 
pacity (Ka4.3) of 4.3. These streams exhibit conspicuous, 
major ecological damage to the aquatic communities, 
and are exceptionally deficient in species. 
Typical streams: Extremely low-electrolyte, un- 
buffered granite and in particular Triassic sandstone 
streams. 
This type 5 was separated from type 4 following the 
investigations of ARNSCnEmT (2001) mainly in the 
streams of the Erzgebirge and in East Bavaria (BAUER 
1988; BLW 2004) which are much more acidified than 
most of the streams in South West Germany in Baden- 
Wtirttemberg. Many streams formerly classified as type 
4 (the most acidified streams out of the former 4-class 
system) were often estimated as too good regarding their 
severe faunistic degradation a d very low taxa numbers 
following ARNSCHEIDT (2001) and personal communica- 
tions of several Bavarian investigators. Therefore class 5 
seems to be much more appropriate to this type of un- 
buffered streams characterized byvery low numbers of 
few very acid resistant taxa than earlier class 4. 
As with any empirical categorization f natural (and 
other) phenomena, a geochemical classification ofsensi- 
tive silicate streams according to acid status entails cate- 
gorization of acontinuum ofactual natural properties of 
the objects under consideration. A series of transitions 
and overlaps inevitably exists between the five acid 
regime categories proposed here. In the interests of a 
clear and comprehensible categorization f the natural 
spectrum of streams of differing acidity and also in the 
interests of illustrative cartographic representation f 
these acid status types, a five-class categorization model 
was selected. 
The acid status types defined hydrochemically b  pH 
and buffer capacity constitute a reference for a biologi- 
cal method which in a sense was "calibrated" to these 
hydrogeochemically defined stream categories. The bio- 
logical aspects of these hydrochemical types (acidity 
classes) are described in the following chapter. 
3.3. Biological characterisation of the five new 
stream acidity classes 
The zoocoenoses of the streams chemically character- 
ized above were dominated by the following taxa virtu- 
ally throughout the year: 
• Continuously neutral streams 
These streams exhibit, by a wide margin, the widest 
spectrum of benthic macroinvertebrate species of all 
Black Forest streams. Continuously neutral streams are 
in fact among the richest in species in the whole coun- 
try. 
In addition to the organisms also present in acidic 
streams, of which none are necessarily acidophilic, Ple- 
coptera such as Perla marginata nd P. grandis occur. 
The presence of the alpine species Perla grandis at the 
outer Alpine relict sites of subalpine mountain streams 
(Zastlerbach and St. Wilhelmer Talbach, cf. Bm~UK- 
MANN 2000) is of some faunistic interest, as this species 
is not known outside the Alps. 
In contrast to the acidic streams, the Ephemeroptera, 
represented by numerous pecies in the neutral gneiss 
streams (in particular Baetis alpinus, Rhithrogena semi- 
colorata, and Rhithrogena hybrida, the latter likewise 
found otherwise only in the Alps), are the dominant 
group and generally responsible for the aspect. The 
Baetis alpinus-Rhithrogena semicolorata community of 
the gneiss streams has remained virtually unchanged 
since the early 1980s with all further index and accesso- 
ry species described at that ime (cf. BRAUKMANN 1997). 
• Episodically to periodically acidic streams 
In these streams, acidic only temporarily, certain other 
Plecoptera were found in addition to the taxa found in 
the continuously acidic streams. These included 
Siphonoperla, Perlodes, Isoperla, Brachyptera, Am- 
phinemura. Arcynoptery compacta is notable for its reg- 
ular and relatively frequent incidence. The number of 
Trichoptera taxa was also somewhat higher in the less 
acidic streams compared to the group of the very acidic 
streams: Philopotamus, Goeridae, Sericostoma nd 
Odontocerum albicorne for example were also found 
here, if still not regularly, and fairly infrequently. The 
very constant incidence of Thremma gallicum, not found 
elsewhere in Germany and highly characteristic, s re- 
markable. This unmistakable example of the Trichoptera 
occurs, from the authors' own observations over many 
years, only in Triassic sandstone streams, where the very 
fine sand grains from which the larva builds its peculiar 
case are available in sufficient quantity. Thremma gal- 
licum belongs to the Gallic/Mediterranean distribution 
type; its easternmost limit of distribution is located on 
the western slope of the northern Black Forest ridge. 
Episodically to periodically acidic streams are char- 
acterized by the low density and varying incidence of 
Ephemeroptera larvae Siphlonurus (cf. lacustris), 
Habrophlebia lauta, Habroleptoides confusa, Baetis 
rhodani, B. vernus and the B. alpinus group (alpinus and 
melanonyx). Heptageniidae re present only sporadical- 
ly and in small populations, for example the Ecdyonurus 
venosus and Rhithrogena semicolorata group and Epe- 
orus assimilis. A species particularly typical of these 
streams of moderate acidity is Ameletus inopinatus, ac- 
tually a boreal species, the distribution of which is cen- 
tered in Scandinavian waters. The species is found in 
Germany today as a glacial relict on streams at high alti- 
tudes, particularly in the Black Forest, and also, though 
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considerably less frequently, in the Bavarian Forest. Ac- 
cording to the authors' observations, Ameletus inopina- 
tus is among the mayfly species least sensitive to acidity. 
Gammarusfossarum also occurs in these streams, albeit 
rarely. 
• Streams very acidic throughout he year 
The tricladid Polycelis felina is present throughout the 
year in virtually all samples from very acidic streams, 
and much more frequently so than in the other, less 
acidic streams. Among the insects, the Plecoptera domi- 
nate by a wide margin, particularly the genera Protone- 
mura, Leuctra, Nemoura nd the species Diura bicauda- 
ta and Chaetopterygopsis maclachlani. Also continu- 
ously present are Trichoptera l rvae, above all Plectroc- 
nemia, Drusus, Chaetopteryx, Potamophylax. Compari- 
son with the less acidic Triassic sandstone streams and 
the neutral streams in the gneiss reveals a substantially 
reduced number of species. The taxa from the genera of 
the Plecoptera, Trichoptera, Coleoptera and in particular 
the Ephemeroptera are absent. Of the mayflies observed 
in the very acidic streams, only young larvae of Baetis 
were observed, sporadically for a few weeks at low 
water in the summer. Molluscs and crustaceans were not 
found in these streams at any time. 
3.4. Adaptation of acidity indicator values 
for benthic macroinvertebrates 
A further important task of the present study was the up- 
date of the indicator values in the previously existing 
taxa list (BRAUKMANN 2000) from four to five levels (see 
Appendix). 
In order to obtain ecological rankings along hydro- 
chemical gradients (pH, aluminium) reflecting acidifica- 
tion, rankings which are both compact and systematic, 
zoocoenological taxa lists were employed on the one 
hand and box plots on the other. In the interests of clari- 
ty, only the most representative taxa of the benthic 
macroinvertebrates andthose determining the aspect are 
presented in the diagrams below, as a function of the pH 
and the correlating aluminium value (Figs. 1 and 2). 
The box plots of Figs. 1 and 2 summarize the most 
common and consistently present taxa of benthic 
macroinvertebrates from a total of 82 silicate streams in 
the Black Forest. Fig. 1 shows a total of 53 taxa in an 
ecological ranking by increasing median pH of their re- 
spective streams. Fig. 2 shows the taxa arranged accord- 
ing to the aluminium content gradient of the same 
streams. 
The continuum of the taxa ranking can be divided into 
groups (types) according to their sensitivity to pH. The 
pH values and the sensitivity of taxa can be categorized, 
in line with the chemical categorization f chapter 3.2, 
into the following five sensitivity classes: 
Class pH range pH sensitivity of taxa 
1 not acidic acid sensitive 
2 weakly acidic moderate acid sensitive 
3 critically acidic acid tolerant 
4 strongly acidic acid resistant 
5 extremely acidic very acid resistant 
The relationship shown in Fig. 2 between the benthic 
invertebrate organisms and the aluminium content illus- 
trates that the organisms exhibit differences in sensitivi- 
ty to the aluminium content, which is closely related to 
the pH. The taxa are arranged by decreasing median alu- 
minium concentration in the Black Forest streams tud- 
ied, the most tolerant organisms first. The sensitivity of 
the taxa increases towards the bottom of the list. For 
ease of orientation, the range from 200 ,ug/1 aluminium 
upwards is shaded in grey, this being the value at which 
according to the literature clearly lethal effects are ob- 
served in juvenile brown trout, which respond very sen- 
sitively to aluminium (MA~THALER 1989). 
Many benthic macroinvertebrates, in almost all cases 
insects, exhibit a higher tolerance than juvenile trout to 
aluminium, in some cases considerably higher. Con- 
versely, other taxa were found only at values below this 
range critical for brown trout. 
Comparison of the sensitivity of the organisms to low 
pH values and therefore to correspondingly high alu- 
minium concentrations shows that with allowance for 
gradual discrepancies, the sensitivity to the two parame- 
ters is largely identical. 
These results were used to modify the previously ex- 
isting list, based mainly upon studies in South Germany, 
Bavaria (BAUER et al. 1988; BAUER, pers. commun. 
1998; BLW 1994, 1999; BStMLU 1996) and Baden- 
Wfirttemberg (BRAUKMANN 1992,2001). 
To account for other geographical reas in Germany, 
too, the indicator values of the macroinvertebrates w re 
further modified with the biological results from the 
Erzgebirge (ARNSCHEIDT 1993, 2001; EHLERT 1995; 
M)iDL~R & ARNSCHEIDT 1996) and the northern Saarland 
(BALTES 1998), 
The results from very acidic areas of the Erzgebirge 
are especially important for the classification ofthe most 
heavily acidified streams, which are much more acidic 
than streams studied by BRAUKMANN (2000) in the Black 
Forest in South-West Germany. 
The detailed studies by BALTES (1998) supported the 
transformation from the four-level to a five-level system 
of stream acidity. 
Information from streams in the north German low- 
lands (Ltineburg Heath, see HOBNER & KLOSE 1998 a,b) 
was also considered. 
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Diura bicaudata 
Thremma gallicum 
Ameletus inopinatus 
Oreodytes anmarcki 
Chaetopterygopsis macl. 
Chaetopterygini 
Nemurella pictefi 
Rhyacophila evoluta 
Plectrocnemia spp. 
Elmis latreillei 
Drusus discolor 
Nemoura spp. (marg.) 
Micrasema longulum 
Drusus spp. 
Amphinemura spp. 
Leuctra spp. 
Rhyacophila spp. 
Chaetopteryx spp. 
Polycelis felina 
Micrasema minimum 
Brachyptera spp. 
Protonemura spp, 
Siphonoperla torrentium 
Potamophylax spp. 
Dicranota spp. 
Helodes spp. 
Esolus angustatus 
Limnius perrisi 
Ephemerella ignita 
Baetis alpinus-Gr. 
Prosimulium spp. 
Silo spp. 
Isoperla spp. 
Odontocerum albicome 
Ancylus fluviatilis 
Elmis aenea/maugetii-Gr. 
Agapetus spp. 
Hydraena spp. 
Philopotmaus pp. 
Glossosoma spp. 
Gammarus fossarum 
Atherix ibis 
Rhyacophila tristis 
Hydropsyche spp. 
Rhithrogena spp. 
Epeorus sylvicola 
Ecdyonurus pp. 
Baetis muticus 
Baetis rhodani 
Habroleptoides modesta 
Atherix (Ibisia) marginata 
Liponeura spp. 
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Fig. 1. Macroinvertebrates in Black Forest silicate streams ensitive to acidification, in increasing median pH of their streams. Data from 82 
streams ampled at monthly intervals (according to BRAUKMANN 2000). 
Limnologica (2004) 34, 433450 
440 U. Braukmann & R. Biss 
Rhyacophila (Hy.per.) evofuta 
Nemoura spp, 
Nemurella picteti 
Ameletus inopinatus 
Diura bicaudata 
Thremma gallicum 
Oreodytes rivalis (sanmarki) 
Prosimulium spp. 
Plectrocnemia spp. 
Elmis latreillei 
Baetis rhodani 
Chaetopterygopsis maclachlani 
Dicranota spp. 
Micrasema minimum 
Chaetopterygini 
Ephemerelta ignita 
Micrasema Iongulum 
Amphinemura spp. 
Leuctra spp. 
Rhyacophila (Hypo.) tristis 
Atherix (Ibisia) marginata 
Helodes spp. 
Siphonoperta torrentium 
Elmis aenea/maugetii-Gr. 
Potamophylax spp, 
Odontocerum afbicome 
Drusus discolor 
Drusus spp. 
Protonemura spp. 
Baetis muticus 
Rhyacophila spp. 
Ancylus fluviatilis 
Chaetopteryx spp. 
Brachyptera spp, 
Esolus angustatus 
Pofycelis felina 
Limnius perrisi 
Hydropsyche spp. 
Gammarus fossarum 
Hydraena spp. 
Silo spp. 
Ecdyonurus spp. 
Dugesia gonocephala 
Isoperla spp. 
Habroteptoides mod./confusa 
Epeorus sylvicola 
Baetis alpinus 
Philopotamus spp, 
Rhithrogena spp, 
Glossosoma spp. 
Atherix spp. 
Agapetus spp. 
Liponeura spp. 
0 200 
0 200 
Aluminium (pg/t) 
400 600 800 
400 600 800 
AlumiNum (pg/l) 
grey: toxic values for brown trouts 
Fig. 2. Macroinvertebrates in Black Forest silicate streams ensitive to acidification, in increasing median aluminium content of their streams. 
Data from 82 streams ampled at monthly intervals (according to BRAUKMANN 2000), 
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The final indicator list, a principal result of the study, 
now lists all macroinvertebrates to which an indicator 
value for the acid status in German streams has been as- 
signed in recent years on the basis of comparative chem- 
ical and biological studies (see Appendix). It now con- 
tains about 280 taxa with indicator values ranging from 
1 to 5 for the sensitivity to acidity exposure in soft-water 
silicate streams. 
4. Proposed assessment method 
This chapter introduces and discusses the proven 
method of assessing the state of acidity and evaluating 
the degree of acidification according to the principles of 
the EU WFD. 
An essential aspect of the method involving benthic 
macroinvertebrate indicators for assessment of the acidi- 
ty of streams is considered to be measurement of the 
abundance at a sampling point. In order to prevent or- 
ganisms included by chance in the sample from influ- 
encing the acidity indication excessively, either frequen- 
cy classes must be determined (as a minimum require- 
ment for reasonable assessment), or better still, the dom- 
inance of all taxa present. According to the requirements 
of the EU water framework directive, measurement of 
the abundance is in any case required for assessment of 
the ecological quality. As with measurement of the 
saprobic index, the abundance of individual taxa is an 
important factor for biological indication of the acidity, 
one with a decisive influence upon the result of assess- 
ment. Two assessment variants are presented below 
which consider the abundance indifferent ways. 
A computer program (LFU 2002) developed for eco- 
logical evaluation of biological data is first used to add 
together, from the total number of organisms detected at 
a sampling point, the number of all acid-sensitive 
species and genera, beginning with the indicator value 1 
(acid-sensitive taxa). A cumulative addition process is 
employed for evaluation and assessment of the acidity of 
the sample. 
The taxa of a sample are sorted by their specific acid 
indices. Either the classified frequency values (seven- 
level frequency classes) are summated as described in 
Variant 1 (see below), or the dominance values (relative 
percentage of the individual taxa of the total abundance 
of all taxa of a sample) as in Variant 2. 
The frequencies of the taxa with indicator value 1 
(Acidity Index 1) are added cumulatively toa minimum 
threshold of the sum of the frequency classes of the 
relevant indicators from 4. 
If this threshold is reached with the indicators for 
Acidity Class 1, the stream may be classified as contin- 
uously not acidic, as a sufficient number of indicator or- 
ganisms for this class are present. 
Should the threshold value not be reached by Acidity 
Class 1 organisms alone, the total number of individuals 
is then analysed with regard to the next less sensitive or- 
ganisms, those of Acidity Class 2, and so on until (in an 
extreme ease of acidity) the frequency threshold is 
reached with the organisms of Acidity Class 5 (the high- 
ly acid-resistant taxa). 
Note that the frequency values (frequency classes) 
within the individual acidity classes are added cumula- 
tively, i.e. should the values for the taxa in Acidity Class 
1 fail to reach the threshold value, they are retained and 
those of the next higher acidity class added to them, and 
so on until the threshold value is reached. 
Should the minimum frequency not be reached even 
with Acidity Class 5, indication is not possible. 
An alternative to cumulative addition of frequency 
classes is the addition of dominance values for the indi- 
vidual taxa for each acidity class up to a total domi- 
nance of 10%. This assessment variant requires the total 
number of individuals per sample to be measured for all 
taxa studied. 
Either Variant 1 or Variant 2 may be used, according 
to the specified sampling method. As abundanc classes 
have been employed in the past in the majority of Ger- 
man Federal States and comparability with earlier stud- 
ies should be assured, preference has up until now been 
given to Variant 1. In consideration of the EU frame- 
work water directive, Variant 2 is recommended for fu- 
ture studies, as measurement of he abundance ofall taxa 
is obligatory for biological studies. 
The principle of this assessment method differs fun- 
damentally from that of the saprobic lassification. Un- 
like the latter, this method oes not involve formation of 
a mean value from the indicator values of all indicator 
organisms at a sampling point. Instead, assessment is 
based upon the principle of maximum sensitivity of 
bioindicators to a prevailing ecological factor, in this 
case the acidity of the water. 
. Evaluation method of acidification 
according to the EU Water Framework 
Directive 
In order to permit assessment i  accordance with the EU 
Water Framework Directive, reference states are formu- 
lated of acid-sensitive silicate streams (gneiss, shale, 
granite and sandstone streams) for stream types 5 and 
5.1 (POTT~mSSER & SOMMERrI~USER 2004). 
Streams of the other types described by POTTGIESSER 
& SOMMERHAUSER (2004) are not acid sensitive and 
therefore xcluded from analysis of acidity status and 
acidification class. 
It is estimated that in the absence of anthropogenic 
input of strong acids (sulphuric acid, nitric acid and hy- 
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drochloric acid) from the atmosphere into the streams, 
only Acidity Classes 1 to 3 would occur under natural 
conditions in Germany. Drainage streams from moor- 
land are ignored in this context. Well-buffered type 5 
streams (silicate streams of the central German uplands: 
gneiss, shale, other volcanic regions) naturally have a 
substantially ower tendency towards acidification than 
the weakly buffered type 5.1 streams (silicate streams of 
the central German uplands: Triassic sandstone, sand 
cover, and also purely granite streams). 
A reference status for acid-sensitive silicate streams i  
assumed to be a potentially natural chemical and biolog- 
ical stream status which would arise in the streams in the 
absence of anthropogenic input of acidifying atmospher- 
ic substances (in particular sulphuric acid, nitric acid and 
hydrochloric acid) and on the assumption of potentially 
natural forest coverage of the catchment basin (e.g. 
beech, partly fir, rather than spruce) (e.g. FE6ER 1986, 
1993; WmPERT et al. 1996). 
In the definitions below, the hydrogeochemical and 
geological type classification of the streams applies only 
to streams with a geologically homogeneous catchment 
basin. 
Based upon the buffer capacity of the streams (the hy- 
drogen carbonate content will be considered here for the 
sake of simplicity), two reference states may be postulat- 
ed: 
For silicate streams (in particular gneiss and slate 
streams) which currently exhibit a hydrogen carbonate 
content of 0.2 retool/1 or higher, the hydrogeochemical 
acid regime Type 1 (i.e. continuously neutral, not acidic) 
is to be considered as the reference under the assumption 
stated above of a potentially natural state. 
Owing to the reduction in sulphuric acid pollution ob- 
served to date and the rise in pH value and buffer capac- 
ity in very weakly buffered streams with a hydrogen car- 
bonate content currently below 0.2 mmol/1 (e.g. in the 
middle and lower Triassic sandstone and in certain gran- 
ite streams which are not drainage streams from moor- 
land), a reference status for a natural, non-anthropogeni- 
cally impaired acidity status may be assumed which cor- 
responds to acidity regime Type 2 (episodically weakly 
acidic streams). 
Should the actual biological status differ from this 
reference status, the acidity status observed is to be clas- 
sified as anthropogenically acidified. 
This anthropogenic acidification can be assessed in 
two steps in accordance with the EU Water Framework 
Directive: 
1. Biological sampling and measurement of the instan- 
taneous acidity status of the sensitive stream in accor- 
dance with the procedure described here. 
2. Assessment of the level of anthropogenic pollution 
by measurement of the deviation of the instantaneous 
acidity status from the reference states for the type 
concerned in accordance with Table 4. 
The reference status of the very weakly buffered 
streams (defined as Acidity Class 2) thus corresponds to
the very good ecological status (Class 1) as defined in 
the EU Water Framework Directive. Assessment of a 
very weakly buffered Triassic sandstone stream for ex- 
ample yields Acidity Class 3. This corresponds to very 
low acidification and Class 2 (good ecological condi- 
tion) according to the EU Water Framework Directive. 
6. Suitability for application and minimum 
criteria for the method 
The assessment method described here yields the bio- 
logically indicated acidity status of a stream under ex- 
amination. The method makes no distinction between 
natural and anthropogenic a idification of the stream. 
Table 4. Overview of status assessment in accordance with the EU Water Framework Directive (EU WFD). 
Stream type Acidity class Class of acidification Degree of acidification Ecological condition Colour 
in accordance with EU WFD 
Type 5, 1 1 Not acidified High Blue 
Gneiss and 2 2 Slightly acidified Good Green 
shale streams 3 3 Critically acidified Moderate Yellow 
4 4 Strongly acidified Poor Orange 
5 5 Severely acidified Bad Red 
Type 5.1, 1 1 Not acidified High Blue Triassic sandstone, 2 
sand and weakly 3 2 Slightly acidified Good Green 
buffered granite 4 3 Critically acidified Moderate Yellow 
streams 4 (if taxa of class 4 present 
and number of taxa > 5) Strongly acidified Poor Orange 
5 5 (if only taxa of class 5 present 
and number of taxa s5) Severely acidified Bad Red 
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The assessment method is applied to 
• Stream Type 5 (silicate streams of the central German 
uplands: gneiss, granite, shale and other volcanic re- 
gions) and 
• Stream Type 5.1 (silicate streams of the central Ger- 
man uplands, rich in fine materials: Triassic sand- 
stone, sand cover). 
The method was tested comprehensively in these 
mountain stream ecosystems. 
Assessment of the acidity status can be extended to 
the lowland soft-water stream types 14 (streams of the 
outwash plain, sand cover, ground and terminal 
moraines) and 16 (streams of the ground and terminal 
moraines, older terraces), where the method has been 
tested in these regions. 
The method escribed here leads to plausible classifi- 
cations only in soft-water and unpolluted streams of 
Quality Classes I and I-II of the saprobic system, as only 
low-electrolyte streams were studied and the associated 
taxa are "calibrated" to the chemical characteristics of
these stream types. Moreover, biological indication of 
the acidity status is of benefit only in such soft-water 
streams, as hard-water and/or streams moderately to 
strongly polluted by effluent are generally not acidic 
(owing to the buffer action of the effluent), which renders 
assessment ofthe acidity of such streams unnecessary. 
The biological sample must contain an adequate num- 
ber of indicator organisms in order to permit perfor- 
mance of the assessment. If the minimum frequency 
(sum of the frequency classes = 4) is not reached follow- 
ing cumulative addition of all indicator types per acidity 
class, indication is not possible. 
6.1. Preliminary chemical tests for application 
of the method 
For estimation of whether astream is at risk of acidifica- 
tion, the acid capacity should be measured at the site by 
means of a simple chemical test involving a colour indi- 
cator: 
• At values of between 1and 0.5 mmol/1 (Ka4.3) a simple 
biological test for acid-sensitive taxa such as Gam- 
maridae and Ephemeroptera is sufficient (cf. ARN- 
SCHEIDT 2001). 
• At values below 0.5 mmol/1, a thorough biological 
study is required. 
6.2. Cartographic representation of the results 
The acidification of the streams is marked by colour 
bands over the assessed streams on a map of the streams' 
instantaneous acid status, in the same way as the effluent 
pollution level. The acidification classes are defined and 
highlighted in colour as follows: 
• Class 1 (Blue): Not acidified: Continuously non- 
acidic streams with high number of species and many 
acid-sensitive species. 
• Class 2 (Green): Slightly acidified: Neutral to episod- 
ically weakly acidic streams, relatively species-rich, 
acid-sensitive species largely present. 
• Class 3 (Yellow): Critically acidified: Periodically 
acidic streams (critical acidity status, obvious ecologi- 
cal damage), reduced number of species, acid-sensi- 
tive species barely present. 
• Class 4 (Orange): Strongly acidified: Periodically 
strongly acidic streams (major ecological damage), 
very low number of species, few acid-sensitive 
species present and only periodically. 
• Class 5 (Red): Severely acidified: Continuously ex- 
tremely acidic streams (very major ecological dam- 
age), extremely low number of species with for the 
most part high populations, no acid-sensitive species 
present. 
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Explanations: 
Generally taxa should be identified up to species level (if possible). The following taxalist contains in some cases genus levels (e.g. Baetis 
spp.). The genus taxon may be used for small juvenile larval stages which are not identifiable to species level but which are nevertheless impor- 
tant for the assessment of acidity. 
If genera (like Baetis, Leuctra, Isoperla, Protonemura etc.) contain species with different indicator values the genus in question receives the 
poorest indicator value of all taxa of this genus to avoid a too positive result using just the genus level. 
Systematic group Code No. Taxon Author Year Indicator 
value 
Turbellaria 1011 Dugesia gonocephala (DUGES) 1830 
Mollusca 1005 Ancylus f/uviat//is O.F.MUEI_LER 1774 
Mollusca 1009 Bithynia tentaculata (LINNAEUS) 1758 
Mollusca 1083 Physa font/nails (LINNAEUS) 1758 
Mollusca 1012 Sphaerium comeum (LINNAEUS) 1758 
Isopoda 1004 Asellus aquaticus G EOFFROY-SAINT- HILAIRE 1764 
Ephemeroptera 394 Cloeon d/pterum (LINNAEUS) 1761 
Ephemeroptera 10449 Ecdyonurus torrentis KIMMINS 1942 
Ephemeroptera 47 Ephemera dan/ca MUELLER 1764 
Ephemeroptera 1 Ephemerella ignita (PODA) 1761 
Ephemeroptera 131 Ephemerella mucronata (B ENGTSSON) 1909 
Ephemeroptera 740 Habroleptoides confusa SARTORI & JACOB 1986 
Ephemeroptera 465 Rhithrogena hybrida EATON 1885 
Plecoptera 336 Perla spp. GEOFFROY 1762 
Trichoptera 22 Agapetus pp. CURTIS 1834 
Trichoptera 55 Agapetus fuscipes CURTIS 1834 
Trichoptera 339 Agapetus ochripes CURTIS 1834 
Trichoptera 162 AIIogamus auricollis (PIcfET) 1834 
Trichoptera 917 Glossosoma conformis N EBOISS 1963 
Trichoptera 324 Psychomyia pusilla (FABRICIUS) 1781 
Trichoptera 529 Synagapetus it/d/pennis MCLACNLAN 1879 
Trichoptera 552 5ynagapetus moselyi (ULMER) 1938 
Trichoptera 553 Synagapetus pp. Mc LACH LAN 1879 
Trichoptera 805 T/nodes rostocki MCLACHLAN 1878 
Trichoptera 105 T/nodes pp. CURTIS 1834 
Nematomorpha 1134 Gordius spp. LINNAEUS 1758 
Mollusca 1067 Bythinella spp. MOQUIN-TANDON 1856 
Mollusca 1006 Radixperegra (O.E MUEI_LER) sensu 
GLOEER & MEIER-BROOK 1774 
Amphipoda 1001 Gammarus fossarum KOCH 1835 
Amphipoda 1002 5ammarus pulex (LINNAEUS) 1758 
Ephemeroptera 276 Baetis alpinus (PICTET) 1843 
Ephemeroptera 173 Baetis fuscatus (LINNAEUS) 1761 
Ephemeroptera 300 Baetis melanonyx (PICTET) 1843 
Ephemeroptera 348 Baetis muticus (LINNAEUS) 1758 
Ephemeroptera 355 Baetis niger (LINNAEUS) 1761 
Ephemeroptera 252 Centroptilum luteolum (MUELLER) 1776 
Ephemeroptera 108 Ecdyonurus pp. EATON 1868 
Ephemeroptera 573 Ecdyonurus venosus-group 
Ephemeroptera 670 Electrogena lateral/s-group 
Ephemeroptera 692 Electrogena quadrilineata (LANDA) 1969 
Ephemeroptera 34 Epeorus ass~miffs (EATON) 1885 
Ephemeroptera 193 Habrophlebia lauta EA]-ON 1884 
Ephemeroptera 390 Rhithrogena spp. EATON 1881 
Ephemeroptera 272 Rhithrogena iridina (KOLEANI) 1839 
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Systematic group Code No. Taxon Author Year Indicator 
value 
Ephemeroptera 574 Rhithrogena /oyo/aea-group 2 
Ephemeroptera 10079 Rhithrogenapicteti SOWA 1971 2 
Ephemeroptera 20 Rhithrogena semico/orata (CURTIS) 1834 2 
Ephemeroptera 731 Rhithrogena semico/orata-group 2 
Plecoptera 397 Dinocras cepha/otes (CURTIS) 1827 2 
Plecoptera 258 Isoperla goertzi ]LLIES 1952 2 
Plecoptera 196 Isoperla rivulorum (PICTET) 1841 2 
Plecoptera 515 Isoperla silesica ILLIES 1952 2 
Plecoptera 212 Leuctra abida KEMPNY 1899 2 
Plecoptera 531 Leuctra alpina KUEHTREIBER 1934 2 
Plecoptera 665 Leuctra aurita NAVAS 1919 2 
Plecoptera 166 Nemoura flexuosa AUBERT 1949 2 
Plecoptera 143 Perla marginata (PANZER) 1799 2 
Plecoptera 325 Perlodes spp. BANKS 1903 2 
Plecoptera 235 Perlodes microcephalus (PICTET) 1833 2 
Plecoptera 543 Protonemura hrabei RAUSER 1956 2 
Plecoptera 587 Protonemura montana KIMMINS 1941 2 
Plecoptera 666 Protonemura nimborum (R]s) 1902 2 
Plecoptera 402 Taeniopteryx hubau/ti/auberti AUBERT 1946 2 
Odonata 180 Cordulegaster boltoni (DONOVAN) 1807 2 
Coleoptera 138 Hydraena spp. KUGELANN 1794 2 
Coleoptera 951 Hydraena dentipes GERMAR 1844 2 
Coleoptera 89 Hydraena gracilis GERMAR 1824 2 
Neuroptera 231 Osmylus fulvicephalus (ScoPou) 1763 2 
Trichoptera 282 Annitella obscurata (MCLACl4LAN) 1876 2 
Trichoptera 720 Anomalopterygella ch uvinia (STEIN) 1874 2 
Trich optera 114 Glossosoma spp. CURTIS 1834 2 
Trichoptera 77 Glossosoma boltoni CURTIS 1834 2 
Tfichoptera 735 GIossosoma intermedium KLAPALEK 1892 2 
Trichoptera 136 Ha/esus digitatus (SCHRANK) 1781 2 
Trichoptera 9 Hydropsyche spp. PICTET 1834 2 
Trichoptera 72 Hydropsyche fulvipes (CURTIS) 1834 2 
Trichoptera 849 Hydropsyche instabilis (CURTIS) 1834 2 
Trichoptera 115 Hydropsyche pellucidula (CURTIS) 1834 2 
Trichoptera 116 Hydropsyche saxonica MCLACHLAN 1884 2 
Trichoptera 957 Hydropsyche silfvenii ULMER 1906 2 
Trichoptera 848 Hydropsyche 5i/talai DOEEILER 1963 2 
Trichoptera 636 Hydropsyche tenuis NAVAS 1932 2 
Tfichoptera 703 Lithax niger (HAGEN) 1859 2 
Trichoptera 620 Oedsmus monedula (HAGEN) 1859 2 
Trichoptera 458 Philopotamus l dificatus McLACHLAN 1878 2 
Trichoptera 238 Potamophylax nigricomis (PICTET) 1834 2 
Trichoptera 629 Psilopteryx psorosa (KOLENATI) 1860 2 
Trichoptera 244 Rhyacophila tristi5 PICTET 1834 2 
Trichoptera 5 Silo spp. CURTIS 1830 2 
Trichoptera 266 Silo piceu5 BRAUER 1857 2 
Tfichoptera 10170 Wormaldiapulla (McLACNLAN) 1878 2 
Diptera 772 Eusimulium costatum (FRIEDRICHS) 1920 2 
Diptera 20130 Ibisia marginata FABRICIUS 1781 2 
Diptera 376 Liponeura spp. LOEW 1844 2 
Diptera 10179 Nevermannia costata FRIEDRICHS 1920 2 
Diptera 996 Odagmia omata (MEIGEN) 1818 2 
Diptera 766 Odagmia 5pinosa (DoBY & DEBLOCK) 1957 2 
Diptera 756 Simulium reptans (LINNAEUS) 1758 2 
Diptera 10188 Simulium trifasciatum CURTIS 1839 2 
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Systematic group Code No. Taxon Author Year Indicator 
value 
Diptera 
Oligochaeta 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Ephemeroptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Plecoptera 
Odonata 
Odonata 
Coleo )tern 
Coleo )terN 
Coleo terN 
Coleo )tera 
Coleo tern 
Coleo )terN 
Coleo )terN 
Coleo )tern 
Coleo )tern 
Tricho )terN 
Tricho ~tera 
Tricho 3terN 
Tricho 3terN 
Tricho 3terN 
Tricho Dtera 
Tricho 3terN 
Tricho 3terN 
Tricho 3terN 
Tricho 3tern 
Tricho 3terN 
Tricho 3tera 
Tricho 3terN 
Tricho 3terN 
Tricho 3terN 
Tricho )terN 
Tricho )terN 
Trichc )terN 
538 5imulium variegatum MEIGEN 1818 2 
1101 Haplotaxis gordioides HARTMANN 1821 3 
966 Ameletus inopinatus EATON 1887 3 
7 Baetis spp. LEACH 1815 3 
107 Baetis rhodani (PICTET) 1843 3 
278 Baetis vemus CURTIS 1834 3 
10451 Electrogena ujhelyii (SOWA) 1981 3 
669 Leptophlebia spp. WESTWOOD 1840 3 
701 Leptophlebia marginata (LINNAEUS) 1767 3 
961 Leptophlebia vespertina (LINNAEUS) 1758 3 
20100 Metreletusbalcanicus (ULMER) 1919 3 
158 Prodoeon bifidum (BENGTSSON) 1912 3 
982 Siphlonurus pp. EATON 1868 3 
267 5iphlonurus aestivalis (EATON) 1903 3 
99 5iphlonurus ]acustris (EATON) 1870 3 
169 Amphinemura sulcicollis (STEPHENS) 1836 3 
788 Amphinemura tri ngularis (Rts) 1902 3 
953 Capnia vidua KLAPALEK 1904 3 
139 Isoperla spp. BANKS 1906 3 
178 Isoperla oxylepis (DESPAX) 1936 3 
275 Leuctra braueri KEMPNY 1898 3 
664 Leuctra digitata KEMPNY 1899 3 
213 Leuctra fusca (LINNAEUS) 1758 3 
241 Protonemura nitida (PICTET) 1835 3 
617 Siphonoperla spp. ZWICK 1967 3 
109 Siphonoperla torrentium (PICTET) 1841 3 
482 Cordulegaster bidentata SELYS 1843 3 
867 Lestes viridis (VANDER LINDEN) 1825 3 
675 Deronectes platynotus (GERMAR) 1834 3 
289 Elmis aenea (RW.J, MUELLER) 1806 3 
79 Elmis maugetii LATREILLE 1798 3 
576 Elmis aenea/maugetii-group 3 
133 Esolus angustatus (RW.J. MUELLER) 1821 3 
256 Helodes pp. LATREILLE 1796 3 
93 Hydraena riparia KUGELANN 1794 3 
10071 Oreodytes anmarki (C. R, SAHLBERG) 1826 3 
21 Platambusmaculatus (LINNAEUS) 1758 3 
945 Aflicella reducta (MCLACHLAN) 1865 3 
934 Beraea pullata (CURTIS) 1834 3 
20106 Diplectrona felix MCLACHLAN 1878 3 
717 Drusus chrysotus (RAMBUR) 1842 3 
548 Ecdisopteryx spp. KOLENATI 1848 3 
921 Ecdisopteryxguttulata (PICTET) 1834 3 
718 Ecclisopteryx madida (McLACHLAN) 1867 3 
15 Halesus pp. STEPHENS 1836 3 
219 Limnephilus flavicomis (FABRICIUS) 1787 3 
448 Micrasema Iongulum MCLACNLAN 1876 3 
449 Micrasema minimum MCLACHLAN 1876 3 
682 Oligotricha striata (LINNAEUS) 1758 3 
342 Philopotamus spp. STEPHENS 1829 3 
960 Philopotamus montanus (DoNOVAN) 1813 3 
835 Philopotamus variegatus (ScoPOLI) 1763 3 
459 Phryganea grandis LINNAEUS 1758 3 
237 Potamophylaxluctuosus (PILLER & MITTERPACHER) 1783 3 
462 Ptilocolepus granulatus (PICTET) 1834 3 
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Systematic group Code No. Taxon Author Year Indicator 
value 
Trichoptera 721 Rhyacophila evoluta MCLACHLAN 1879 3 
Trichoptera 408 Sericostoma spp. LATREtLLE 1825 3 
Tfichoptera 246 Sericostoma personatum SPENCE in KIRBY & SPENCE 1826 3 
Trichoptera 265 Silo pallipes (FABRICIUS) 1781 3 
Trichoptera 899 Wormaldia occipitalis (PICTET) 1834 3 
Diptera 379 Atherix ibis (FABRIClUS) 1798 3 
Diptera 774 Eusimulium brevidens RUBZOV 1956 3 
Diptera 313 Limnophila spp. MACQUART 1834 3 
Diptera 10457 Molophilus spp. CURTIS 1833 3 
Diptera 10176 Nevermannia brevidens (RuBzov) 1956 3 
Diptera 764 Prosimulium rufipes (MEIGEN) 1830 3 
Diptera 763 Prosimulium tomosvaryi (ENDERLEIN) 1921 3 
Diptera 9225 Pseudodiamesa br nickii (Now.) 1873 3 
Diptera 761 Simulium argyreatum M EIGEN 1838 3 
Diptera 759 Simufium maximum (KNOZ) 1961 3 
Diptera 994 Simufium rheophilum (KNoz) 1961 3 
Diptera 539 Simulium tuberosum (LUNDSTROEM) 1911 3 
Turbellaria Dendrocoe/um bohemicum (hercynicum) 4 
Turbellaria 1080 Polycelis nigra (O.F. MUELLER) 1774 4 
Oligochaeta 1092 Eiseniella tetraedra CLAPAREDE 1862 4 
Oligochaeta 1106 5tylodrilus heringianus CLAPAREDE 1862 4 
Amphipoda 1121 Niphargusspp. 5CNIOEDTE 1849 4 
Ephemeroptera 233 Paraleptophlebia submarginata (STEPHENS) 1836 4 
Plecoptera 128 Amphinemura spp. RIs 1902 4 
Plecoptera 168 Amphinemura standfussi (RIs) 1902 4 
Plecoptera 9198 Arcynopteryx compacta (McL.) 1872 4 
Plecoptera 585 Leuctra autumnalis KEMPNY 1899 4 
Plecoptera 400 Leuctra inermis KEMPNY 1899 4 
Plecoptera 662 Leuctra pseudocingulata MENDL 1968 4 
Plecoptera 678 Leuctra rauscheri AUBERT 1957 4 
Plecoptera 852 Nemoura vicularis MORTON 1894 4 
Plecoptera 240 Protonemura intricata (Rts) 1902 4 
Plecoptera 580 Protonemura [atera/is (PICTET) 1835 4 
Plecoptera 840 Protonemura meyeri (PlCTET) 1841 4 
Plecoptera 837 Protonemura praecox (MORTON) 1894 4 
Coleoptera 54 Agabus 9uttatus (PAYKULL) 1798 4 
Coleoptera 129 Anacaena 91obulus (PAYKULL) 1798 4 
Coleoptera 197 Elmis/atrei/le/ BEDEL 1878 4 
Coleoptera 141 Limniusperrisi (DUFOUR) 1843 4 
Heteroptera 147 Velia caprai TAMANINI 1947 4 
Neuroptera 46 Sialis spp. LINNAEUS 1758 4 
Neuroptera 249 Sia/is fu/iginosa PICTET 1836 4 
Neuroptera 248 Sia/is ]utaria (LINNAEUS) 1758 4 
Trichoptera 517 Agrypnia pagetana CURTIS 1835 4 
Trichoptera 581 AIIogamus uncatus (BRAUER) 1857 4 
Trichoptera 161 Apatania spp. KOLENATI 1848 4 
Trichoptera 59 Apatania fimbriata (PICTET) 1834 4 
Trichoptera 528 Chaetopteryx major MCLACHLAN 1876 4 
Trichoptera 530 Drusus biguttatus (PICTET) 1834 4 
Trichoptera 430 Drusus discolor (RAMBUR) 1842 4 
Trichoptera 483 Glyphotaelius pellucidus (REIZlUS) 1783 4 
Trichoptera 127 Limnephilus rhombicus (LINNE) 1758 4 
Trichoptera 564 Microptema lateralis (STEPHENS) 1834 4 
Trichoptera 152 Odontocerum albicome (ScoPOLI) 1763 4 
Trichoptera 846 Oligostomis reticulata (LINNE) 1761 4 
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Systematic group Code No. Taxon Author Year Indicator 
value 
Trichoptera 682 
Trichoptera 702 
Trichoptera 10 
Trichoptera 784 
Trichoptera 236 
Trichoptera 628 
Trichoptera 11 
Trichoptera 611 
Trichoptera 243 
Trichoptera 119 
Trichoptera 949 
Trichoptera 822 
Trichoptera 466 
Trichoptera 967 
Diptera 10387 
Diptera 132 
Diptera 773 
Diptera 734 
Diptera 771 
Diptera 10074 
Diptera 768 
Diptera 9228 
Diptera 10177 
Diptera 10180 
Diptera 10181 
Diptera 10190 
Diptera 10186 
Diptera 10185 
Diptera 10686 
Diptera 794 
Diptera 10860 
Diptera 765 
Diptera 683 
Diptera 758 
Diptera 536 
Diptera 10187 
Diptera 146 
Diptera 9359 
Turbellaria 1016 
Oligochaeta 5083 
Plecoptera 176 
Plecoptera 9485 
Plecoptera 422 
Plecoptera 396 
Plecoptera 29 
Plecoptera 399 
Plecoptera 306 
Plecoptera 142 
Plecoptera 224 
Plecoptera 225 
Plecoptera 851 
Plecoptera 228 
Plecoptera 111 
Plecoptera 830 
Coleoptera 165 
O/igotricha striata 
Parachiona oicicomis 
Potamophylax spp. 
Potamophylax cingu/atus 
Potamophy/ax /atipennis 
Pseudopsi/opteryx zimmeri 
Rhyacophi/a spp. 
Rhyacophi/a (Rhyacophila) spp. 
Rhyacophi/a dorsa/is 
Rhyacophi/a fasciata 
Rhyacophi/a g/areosa 
Rhyacophi/a obfiterata 
Rhyacophi/a praemorsa 
Thremma gal/icum 
Bri//ia modesta 
Dicranota spp. 
Eusimu/ium carpathicum 
Eusimu/ium crenobium 
Eusimu/ium cryophi/um 
Eusimu/ium natura/e 
Eusimu/ium vemum 
Heterotrissodadius marcidus 
Nevermannia carpathica 
Nevermannia crenobia 
Nevermannia cryophi/a 
Nevermannia natura/is 
Nevermannia urbana 
Nevermannia vema 
Orthoclaflius frigidus 
Pedicia spp. 
Po/ypedi/um a/bicome 
Prosimufium spp. 
Prosimu/ium /atimucro 
5imulium montico/a 
(LINNE) 1758 4 
(PICTET) 1834 4 
WALLENGREN 1891 4 
(STEPHENS) 1837 4 
(CURTIS) 1834 4 
(McLACHLAN) 1876 4 
PICTET 1834 4 
4 
(CURTIS) 1834 4 
HAGEN 1859 4 
McLACHLAN 1867 4 
McLACHLAN 1863 4 
MCLACHLAN 1879 4 
McLACHLAN 1880 4 
(MEIGEN) 1830 4 
ZETTERSTEDT 1838 4 
KNOZ 1961 4 
KNOZ 1961 4 
RUBZOV 1959 4 
(DAVIES) 1966 4 
(MACQUART) 1826 4 
(WALK.) 1956 4 
(KNOZ) 1961 4 
(KNOZ) 1961 4 
(RUBZOV) 1959 4 
DAVIES 1966 4 
DAVIES 1966 4 
MACQUART 1826 4 
(ZETTERSTEDT) 1838 4 
LATREILLE 1809 4 
(MEIGEN) 1838 4 
ROUBAUD 1906 4 
(ENDERLEIN) 1925 4 
FRIEDERICHS 1920 4 
FRIEDERICHS 1920 4 
MEIGEN 1818 4 
LINNAEUS 1758 4 
FITTKAU 1962 4 
(DALYELL) 1814 5 
O.F. MUELLER 1773 5 
(MORTON) 1896 5 
5 
(KLAPALEK) 1902 5 
(LINNAEUS) 1758 5 
STEPHENS 1836 5 
KEMPNY 1899 5 
(OLIVIER) 1811 5 
LATREILLE 1796 5 
STEPHENS 1836 5 
(RETZlUS) 1783 5 
PICTET 1835 5 
KLAPALEK 1900 5 
KEMPNY 1898 5 
ILLIES 1954 5 
LEACH 1817 5 
Simulium noe//eri 
Simufium omatum 
Tipu/a spp. 
Zavrelimyia spp. 
Polycelis felina 
Nais spp. 
Brachyptera risi 
Brachyptera risi/seticomis-group 
Brachyptera seticomis 
Diura bicaudata 
Leuctra spp. 
Leuctra hippopus 
Leuctra nigra 
Nemoura spp. 
Nemoura cambrica 
Nemoura cinerea 
Nemoura marginata 
Nemure/la picteti 
Protonemura spp. 
Protonemura uberti 
Agabus spp. 
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Systematic group Code No. Taxon Author Year Indicator 
value 
Tricho ?tera 964 Chaetopterygopsis madachlani STEIN 1874 5 
Tricho ?tera 494 Chaetopteryx spp. STEPHENS 1837 5 
Tricho ?tera 42 Chaetopteryx villosa (FABRIClUS) 1798 5 
Tricho ?tera 283 Drusus spp. STEPHENS 1837 5 
Tricho ~tera 923 Drusus annulatus (STEPHENS) 1837 5 
Tricho ?tera 978 Microptema spp. STEIN 1874 5 
Tricho Xera 372 Plectrocnemia spp. STEPHENS 1836 5 
Tricho ,tera 144 Plectrocnemia conspersa (CURTIS) 1834 5 
Tricho ?tera 345 Plectrocnemia geniculata MCLACHLAN 1871 5 
Diptera 9527 Eloeophilaspp. RONDANI 1856 5 
Diptera 608 Bezzia spp. KIEFER 1899 5 
Diptera 10459 Pedicia r/rosa (LINNAEUS) 1758 5 
Diptera 486 Tabanus pp. LINNAEUS 1758 5 
Diptera 502 Tanypodinae 5 
Diptera 605 Tanytarsini 5 
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